INTRODUCTION
Knowledge of the high-pressure density of silicate melts provides crucial insights into the structures and thermodynamics of silicate liquids, into the nature of igneous processes at depth, and in a broad sense, into the evolution of planetary mantles and crusts. Recently, there has been considerable interest in the determination of the densities of molten silicates at high pressure, both through direct experimentation and through indirect calculations based on theoretical models and phase equilibrium data [Stolper et SAverage of five electron microprobe analyses. Analyst, R.
Heuser.
EXPERIMENTAL TECHNIQUE
Samples of diopsidic glass were prepared from MgO, CaCOs, and SiOn. These components were weighed out in appropriate proportions to make 5 g of sample and ground together in an agate mortar under alcohol for 5 hours. This Table  1 and compared with the theoretical compositions.
Discs of both samples were cored from the prepared glasses and electron-beam welded into molybdenum capsules as described by Rigden et al. [1988] . The diopside-bearing capsules were heated to 1723 K in a muffle furnace under a nitrogen atmosphere to check the integrity of the weld. Because of the high melting point of anorthite (1826 K), this procedure was not possible with the anorthite-bearing capsules. Each anorthite-bearing capsule was preheated to 1926 K in the vacuum tank of the 40-mm gun prior to firing and then cooled to <673 K, and its optical image was observed on a screen mounted outside the impact tank. In this step we were able to check whether the sample had leaked. indicating a faulty weld, and whether the sample had rnoved in its ceramic holder, a concern because of the high temperatures required for this experiment. Test samples remow, d from the vacuum chamber after this step and crosssectioned contained clear, bubble-free glass Shock wave experiments to measure the density of molten diopside and anorthite at high pressures were carried out in a 40-mm propellant gun using the techniques of Rigden et al. [1988] . Silicate samples contained in molybdenum capsules were suspended in the impact tank of the 40-mm gun and heated by induction under a vacuum of --•100 /•m Hg to temperatures --•100 K above their melting points. High pressures are generated in the sample by impact of a metallic flyer plate traveling at velocities of up to 2.5 km/s. Measurement of the projectile velocity and the velocity of the shock wave that is generated in the sample allows determination of the pressure-density state in the sample by application of the Rankine-Hugoniot conservation equations.
RESULTS
The results of shock wave equation of state experiments on five samples of molten diopside and six samples of molten anorthite are given in Tables 2 and 3 The diopside data fall close to a straight line. The anorthite data are also nearly linear, but, as discussed below, the highest pressure point may be anomalous. We note that there is no reason, a priori, to expect that these data should fall on straight lines in these In Figure 6 we show the specific volume versus pressure for molten anorthite, An0.,•Di0.0q, and diopside along 1673 K isotherms.
These curves were calculated from our shock wave data for molten diopside and anorthite (using the K0s and K / values from the five-point fit to the anorthite data.) and that of Rigden et al., [1988] . We assumed that the specific heat at constant volume is 3R and that ff/V is con- 
Structures of Silicate Melts at High Pressures
AI s+ and Si •+ coordination changes. Although density is a reflection of the integrated molecular structure of a substance, it is in general difficult to infer microscopic structural characteristics from equation of state measurements. It is, however, possible to test the validity of hypothesized structures and of proposed changes with composition, pressure, and temperature by using density measurements. In this section, we examine using our data the hypothesis that compression of aluminosilicate liquids up to pressures of a few tens of gigapascals involves coordination changes of A1
and Si.
As shown in Our results support the hypothesis that Al coordination changes are gradual, unless they are completed at pressures lower than the lowest that we have studied in our experiments. The smooth compression curves obtained for the compositions studied and the similarity in shape of the p-P curves for our compositions, independent of A1 con- Five-point fit.
close packing of oxygen atoms in which silicate tetrahedra are largely unlinked. We therefore expected that at 1 arm, molten anorthite would be significantly more compressible than molten diopside (since its tetrahedral framework would be more Nevertheless, the values of Kos derived from our data are very similar to those determined independently by ultrasonic measurements [Rivers, 1985] Suppose that two melts (e.g., molten anorthite and diopside) differ in chemistry but have essentially identical bulk moduli at i arm. Presuming that most of the difference in compression between the two melts over a pressure range of several hundred kilobars will reflect differences in the concentrations of cations that will convert from tetrahedral to octahedral coordination, the more aluminous and silica-rich composition would experience more compression over this pressure interval, and hence its bulk modulus averaged over this pressure interval would be lower. As a result, the rate of increase in K with pressure for the more AI-Si-rich melt will be lower over the pressure interval in which these coordination changes occur, and its value of K / averaged over this pressure interval will be lower. We would thus expect, as is indeed observed, that K / increases for melts in the order anorthite -•An0.a•)i0.04-* diopside. We can, in addition, predict that A1-and Si-poor melts such as fayalite will not experience as much compression as feldspar-and pyroxene-rich compositions, and thus that they will have relatively high values for K/, given that they have 1-arm bulk moduli similar to feldspathic and pyroxenitic melts Using this concept and the 1-arm bulk moduli from systematic ultrasonic studies [Rivers, 1985] , it is possible to estimate values of K / for different melt compositions.
We first note that the Hugoniots of molten An, Di, and Di0.0•n0.• approach those of the equivalent solid materials at •40 GPa (Table 6 and oxygen. The melt at 40 GPa is assumed to be 10% less dense than equivalent oxide mixture, whose density is calculated using equation of state data for dense oxides (Table 8) .
We then determine the value of K • that given the 1-arm compressibility of the melt from ultrasonic studies [Rivers, 1985; Rivers and Carmichael, 1987] and the 1-arm density [Stebbins et al., 1984] , gives this value for the 40 GPa density. In addition to the parameters given in Table 8 , we assume that •7fV is a constant for the oxides and the specific heat at constant volume is 3R per mole of atoms.
The equation of state for a range of molten silicates, at 1673 K, based on this calculation, including the predicted value of (dKT/0P)T, is given in Table 9 . As is demonstrated in Figure 9 , the predicted values of (dKT/dP)T define some 
Using the new equation of state of molten diopside
(and existing data for solid diopside), we place constraints on the slope (dT/dP) of the fusion curve at high pressures.
We expect that the slope will be shallow at pressures above 10 GPa, but in the absence of constraining data on the variation in the Gruneisen parameters for crystal and liquid or the changes of ap for these phases with pressure, a precise determination of the high-pressure fusion curve is difficult. 
Our best fits to

